Introduction
Diabetes mellitus (DM) belongs among one of the most common life-style diseases. Its complication, diabetic nephropathy (DN), represents the leading cause of end-stage renal disease worldwide. The pathogenesis of DN has many genetic and environmental factors contributing to its development and progression. DN is the main cause of end-stage renal disease in developed countries and about 80% of these patients have Type 2 diabetes [1] . It has also been described as familial aggregation for diabetic nephropathy. A number of genetic variants have been reportedly associated with diabetic nephropathy in recent years. Some have been identified by genome-wide association and linkage analysis, [2] whereas others have been examined because of their potential role in the pathogenesis of diabetic nephropathy [3] .
Compared to other forms of chronic kidney disease (CKD), DN is associated with a higher prevalence of chronic kidney disease-mineral bone disorder (CKD-MBD), as well as its more common adynamic form. The reasons for this epidemiology pattern are not entirely clear. It was concluded that there is a significant correlation between the state of metabolic normalization of diabetes and the degree of biochemical aberrations concerning calciumphosphate metabolism [4] . The calcium homeostasis in diabetic patients with normal renal function is very stable, despite the fact that decreased response of parathyroid hormone to phosphate loading was described [5] .
The role of the extracellular calcium-sensing receptor (CaSR) in general calcium homeostasis is now well established [6, 7] . In the kidneys, CaSR is expressed in the cells lining the distal part of the kidney tubules. There, calcium reabsorption occurs through the paracellular route, driven by a small positive charge of the tubular lumen relative to the interstitial fluid. This small positive charge depends on active sodium-potassium-chloride reabsorption, which is accompanied by some potassium backflow. The binding of calcium to CaSR inhibits active sodium-potassium-chloride reabsorption and thus also calcium reabsorption. The presence of a functional CaSR on human pancreatic B-cells suggests that these cells respond to changes of extracellular calcium cations concentrations [8, 9] .
However, it is not known yet by which mechanism(s) vitamin D and calcium can interfere with the induction of insulin resistance at the systemic or at the target cell level. Furthermore, the association of CaSR polymorphisms with parathyroid hormone (PTH) secretion as well as the extent of the progression of secondary hyperparathyroidism were reported in Japanese hemodialysis patients [10] . Compared to other genotypes, the progression of hyperparathyroidism in predialysis patients with vitamin D receptor (VDR) BB genotypes is slowed down. Also, the calcitriol level is more pronounced in the BB genotype, which may act to lessen the severity of secondary hyperparathyroidism [11] . However, the polymorphism in the intron 5 of the CaSR gene does not appear to be associated with non-insulin dependent diabetes mellitus [12] . Furthermore, the functional importance of CaSR in calcium metabolism is demonstrated on monogenic diseases. Familial hypocalciuric hypercalcemia is caused by mutations in the CaSR gene [13] .
We hypothesized that the genetic background should also be considered as playing a role in calcium-phosphate metabolism in DM and its chronic kidney complications. Thus, the aim of the study was to investigate two polymorphisms (one in coding and one in regulatory regions) of the CaSR gene with respect to ethiopathogenesis of DN and Non-Diabetic Renal Disease (NDRD) in Type 2 diabetic patients.
Materials and Methods

Subject
Only Type 2 diabetic patients were enrolled into the study. They were divided into 3 groups: the group of patients without any signs of kidney abnormalities or kidney disease (DM2), the group of patients with Železníková/Vedralová/Kotrbová-Kozak/Zoubková/Černá/Rychlík: CaSR Gene in Diabetic Nephropathy diabetic nephropathy (DN), the group of patients with non-diabetic renal disease (NDRD). Two control groups were included-nondiabetic patients with CKD (NWD) and healthy subjects without any signs of nephropathy and diabetes. All studied groups are matched by age and sex.
The diagnosis of diabetes was made according to ADA criteria [14] . Diagnostic criteria for the definitions of nephropathy type were applied according to the clinical -laboratory characteristics (Table  1 ). The DN group was consisted of patients fulfilling the slightly modified NKF criteria [15] : the duration of DM for as little as 10 years, 24-hour proteinuria > 2.0 g, normal kidney size (> 110 mm in longitudinal diameter on ultrasound examination performed in the last 6 months), and the presence of diabetic retinopathy of any grade. The NDRD group criteria were the following: the duration of DM for as little as 10 years, normoalbuminuria (< 30 mg/24-hour), reduced kidney size (< 110 mm in longitudinal diameter on ultrasound examination performed in last 6 months), and the absence of diabetic retinopathy. Furthermore, for the equality of patients, only the patients with CKD stage 2-4 were included in both groups. The control NWD group was characterized by the presence of any type of CKD, and no DM. Healthy controls were collected from blood donor volunteers.
The study was approved by the Ethical Committees of the Third Faculty of Medicine, Charles University in Prague. Written informed consent was obtained from all study subjects.
Genotyping
Genomic DNA was extracted from the whole peripheral blood using the salting out method described previously [16] .
The genotyping of the codon 990 polymorphism A/G (rs1042636) was performed by the TaqMan Discrimination Assay (Applied Biosystems, Foster City, CA) on a 7500 Fast Real Time system. The thermal cycle conditions were as follows: initial denaturating at 95°C for 10 min, followed by 40 cycles of denaturating at 92°C, and annealing and extension at 60°C for 1 min. Data were measured and analyzed using the 7500 Software Package v 2.0.1.
The DNA fragment including the intron 4 polymorphism (rs3804594) was identified by the polymerase chain reaction followed by the restriction fragment length polymorphism (PCR/RFLP) methods. The forward and reverse primers used to amplify the locus within the intron 4 polymorphism were 5'-CAAGGACCTCTGGACCTCCCTTTGC-3' and 5'-GACCAAGCCCTGCACAGTGCCCAAG-3', as were previously described [17] . The PCR amplification was performed in a 25 µl total reaction volume containing 20-50 ng/ µl DNA template, 1.5 mM MgCl 2 , 2 mM dNTP, 100 pmol/ul of each primer, 1 U Taq DNA polymerase and 1x NH 4 (SO4) 2 PCR reaction buffer (all from Fermentas, Canada). The PCR program followed: 94°C for 5 min (1 cycle), 94°C for 30 sec, 68°C for 30 sec, with a final extension 72°C for 5 min (35 cycles). The 320 bp long PCR product was digested overnight with BseRI, separated on 3 % agarose gel and visualized by GelRed (Biotium, USA) staining. Genotypes were determined as major homozygote TT (320 bp), minor homozygote CC (260 and 60 bp), and heterozygote TC (320, 260 and 60 bp).
Statistical Analysis
The statistical analysis was performed using GraphPad Prism 5. 04 software. Comparison between groups was determined with Fisher's exact two-tailed test. Differences among groups were considered statistically significant if P < 0.05. Relative risk was estimated by calculating the odds ratio (OR) and 95% confidence interval (95% CI).
Results
The groups analyzed in this study consisted of: A)158 type 2 diabetic patients divided into three groups according to occurrence and type of kidney complications B) 66 nondiabetic patients with CKD, and C)93 healthy subjects. All individual groups were studied to analyze a role of two CaSR polymorphisms in ethiopathogenesis of diabetes mellitus, diabetic nephropathy and chronic kidney disease. Basic clinical laboratory characteristics of all groups are given in Table 1 . Železníková Table 1 . Background data for group of patients and healthy subjects Frequencies of the codon 990 polymorphism are shown in Table 2 . Genotype and allele frequencies in each group of patients were compared with healthy subjects and nondiabetic patients with CKD (the NWD group). We did not find any statistical differences between the analyzed groups in genotype (AA, AG, GG) or allele (A, G) frequencies of the codon 990, Železníková/Vedralová/Kotrbová-Kozak/Zoubková/Černá/Rychlík: CaSR Gene in Diabetic Nephropathy except one -we observed very moderate borderline statistically significant allele difference in the DN group compared to healthy subjects (P = 0.03).
Frequencies of the intron 4 polymorphism are shown in Table 3 . As in the first polymorphism, genotype and allele frequencies in each group of patients were compared with healthy subjects and nondiabetic patients with CKD (the NWD group). We have found statistically significant differences of the genotype (CC, TC, TT) frequencies of the intron 4 in each group of patients (diabetic and nondiabetic) compared to healthy subjects, except Table 3 . Genotype and allele frequencies of the intron 4 polymorphism DN. The statistical values were for the NDRD group: P = 0.0001, OR(CC) = 36, OR(TT) = 2; for the NWD group: P = 0.0005, OR(CC) = 17, OR(TT) = 2; and for the DM2 group: P = 0.002, OR(CC) = 14, OR(TT) = 3. The heterozygote genotype seems to be protective in all mentioned groups, OR(TC) = 0.3. The comparisons of diabetic patients with the NWD group did not show any statistical significance in genotype frequencies except one -very moderate borderline statistically significant difference in the DN group (P = 0.03). It suggests the intron 4 polymorphism is a risk factor for Type 2 diabetes mellitus and chronic kidney diseases, but not for DN. On the other hand, there were no statistically significant differences in the allele (T, C) frequencies of the intron 4 polymorphism in all groups of patients compared to the NWD group or healthy subjects.
The laboratory values of serum calcium (Ca), phosphor (P) and parathyroid hormone (PTH) did not differ significantly between groups, and they are all in the physiological range.
According to the Czech law, all blood donors are routinely strip checked for serum creatinine, and urine biochemistry (glucose, proteins) and sediment (erythrocytes, leucocytes), which must be in the physiological range. For this reason we did not examine the exact single individual value of each blood donor.
Železníková/Vedralová/Kotrbová-Kozak/Zoubková/Černá/Rychlík: CaSR Gene in Diabetic Nephropathy
Discussion
In the present study, we examined the role in which selected variants of the CaSR gene would play in the susceptibility of individuals for Type 2 diabetes mellitus, DN and NDRD. We compared the genotype and allele frequencies between each group of patients and healthy subjects (for detection predisposition in general), and between each group of patients and nondiabetic patients with CKD (for proving if the predisposition is linked only to diabetes and its kidney complications, or if it is directly linked to kidney diseases at all).
As far as the type of nephropathy is concerned, most of the patients did not undergo the renal biopsy (RB) which is infrequently indicated in the patients with suspected diabetic glomerulosclerosis or with peripheral vascular nephrosclerosis as primary renal disease. It is well known that these entities can be present concomitantly, or can overlap each other. That is why we decided to tighten up the criteria for DN (duration of DM > 10 yrs, minimum 2.0 g 24-hr proteinuria vs. normoalbuminuria, definition of normal kidney size vs. decreased size, and absolute vs. none presence of DR). Nevertheless, of course, other primary glomerulopathies can occur in diabetic patients, too, clinically presented as e.g. nephritic syndrome, but it is a very uncommon long lasting course of these kinds of disease (i.e. > 10 yrs) as is true for DN. Thus we believe that the type of nephropathy was defined as the best as it is realistic on routine clinical settings using the definition criteria even more precisely like the other authors did [18, 19] .
In this study, we have found the intron 4 polymorphism of the CaSR gene is a risk factor for Type 2 diabetes mellitus and CKD, but not for DN. Therefore we hypothesize its protective role for diabetic microvascular complication. The predisposition to kidney diseases seems to be diabetes itself independent. Since the predisposed polymorphism is located in the regulation region, it should correlate with different gene expression levels.
It is of interest that we did not observe any statistically significant differences in the laboratory values of serum calcium, phosphor and parathyroid hormone. One of the reasons can be moderate CKD or proper therapy of Ca -P -PTH abnormalities.
CaSR was described in 1993 [20] . It was found that it is expressed in the kidney, thyroid gland, placenta, bone, intestinal epithelial cells, and also in the tissues unrelated to calcium homeostasis, such as the brain, pancreas, heart, skin, and many others, so it is now known to serve as a multifunctional receptor. Heterozygous inactivating mutations of the CaSR gene lead to the familial hypocalciuric hypercalcemia [21] , but not in all cases. Homozygous inactivating mutations of CaSR give rise to neonatal severe hyperparathyroidism. Activating mutations of CaSR result in autosomal dominant hypocalcemia [22] , and over 80 mutations associated with this disorder have been documented. CaSR is considered to play a central role in the pathogenesis of primary, to some extent secondary, hyperparathyroidism [23] . It has the effects on the secretion of parathyroid hormone-related peptide and impact on humoral hypercalcemia of malignancy [24] . There are a few documented cases of neurodegenerative disease linked to dysfunctional CaSR expression [25] .
Three single nucleotide polymorphisms (SNPs) -Ala986Ser (G/T), Arg990Gly (A/G), Gln1011Glu (C/G) -in the exon 7, encoding the CaSR intracellular domain, are the predominant ones that have been examined. It was found that the Arg990Gly intracellular polymorphism could increase Ca excretion and susceptibility to idiopathic hypercalciuria by facilitating the activation of CaSR [26] . Furthermore, all three polymorphisms were associated with idiopathic recurrent calcium urolithiasis [27] . However, calcium kidney stone formation was also associated with six other SNPs in the promoter region of the CaSR gene [28] . On the other hand, the report on the relation of CaSR and the development of valvular calcification in chronic hemodialysis patients did not prove the role of CaSR gene polymorphisms in the valvular calcification etiology [29] .
CaSR appears to protect against cardiac hypertrophy thanks to its expression in neonatal and adult cardiomyocytes, and it is also presented in perivascular nerves of the adventitia. Vascular smooth muscle cells and endothelial cells link it to vasodilatation and the regulation of arterial blood pressure [30] . CaSR also exerts control over the renin-angiotensin system which governs blood pressure and extracellular volume [31] .
The study in the animal model of Type 2 diabetes, Zucker diabetic fatty (ZDF) rats, found that vascular CaSR was down regulated in the mesenteric arteries. Its activation led to vasorelaxation. Therefore in Type 2 diabetic patients, CaSR could be one of the predisposition factors for vascular complications, because the suppression of the CaSR pathway favors the long-term development of higher basal vascular tone [32] .
In the review of Ward et al. from 2012, the expression of CaSR in both endocrine and exocrine human pancreas is mentioned. L-histidine induced activation of CaSR could inhibit insulin secretion in pancreatic beta cells, induced by glucose, through the CaSR spatial rearrangement and voltage-dependent calcium channels. In contrary to vascular complications, activation of the CaSR pathway favors the development of diabetes. These facts are in agreements with our results in DM and DN patients [33] .
The strengths of our study design are the precise definition of a single analyzed group and the tightened criteria for 24-hr proteinuria (minimum 2.0 g). We were limited by smaller sizes of analyzed groups (it would have been nice to have had larger) and the definition of nephropathy, which was performed on the base of clinical laboratory settings.
Conclusion
We have found that the intron 4 polymorphism of the CaSR gene is a risk factor for Type 2 diabetes mellitus and chronic kidney diseases, but not for DN. There seems to be no correlation between the predisposition to kidney diseases and diabetes.
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